The shift toward renewable forms of energy for electricity generation in the electricity generation industry has clear implications for the spatial distribution of generating plant. Traditional forms of generation are typically located close to the load or population centers, while wind and solar-powered generation must be located where the energy source is found. In the case of wind, this has meant signi…cant new investment in wind plant in primarily rural areas that have been in secular economic decline. This paper investigates the localized economic impacts of the rapid increase in wind power capacity at the county level in Texas. Unlike Input-Output impact analysis that relies primarily on levels of inputs to estimate gross impacts, we use traditional econometric methods to estimate net localized impacts in terms of employment, personal income, property tax base, and key public school expenditure levels. While we …nd evidence that both direct and indirect employment impacts are modest, signi…cant increases in per capita income accompany wind power development. County and school property tax rolls also realize important bene…ts from the local siting of utility scale wind power although peculiarities in Texas school funding shift localized property tax bene…ts to the state.
1 the U.S., nearly 39 states now have utility-scale wind powered electricity generation. As turbine technology continues to improve, with concomitant reductions in generating costs, the geographic range of economically feasible generation will expand. Mounting economic and political pressure to increase the share of clean, renewable energies in the nation's electrical power generation portfolio will likely pave the way for build-out of high voltage power transmission from high quality wind resources to populous regions.
While the main appeal of wind generation is its environmental bene…t, it also o¤ers a di¤erent industrial trajectory that is seen as having the potential to bestow bene…ts on new constituencies.
Indeed, the spatial distribution of utility-scale electricity generation among the di¤erent types of electrical generation is quite di¤erent and thus implies a corresponding change in the spatial distribution of employment (at the point of generation) and, possibly, income. Thermal generation, the dominant form of electricity generation, is typically located close to load centers, i.e., more populous areas; whereas wind generation must necessarily be located where the wind resource is found. A casual glance at a wind resource map suggests that these wind resource-rich regions tend to be more rural, exhibiting relatively low population densities. This has meant, among other things, a sharp uptick in …xed plant in some windy rural areas that have been in secular decline and increased investment in transmission capacity to exploit the wind resources and deliver the energy to urban consumers.
It is therefore not too surprising that rural development interests have been allied with environmental groups at the forefront of political advocacy for policies to promote growth of wind generation.
There are, of course, both short and long-term bene…ts and costs associated with this development that need to be considered before net localized bene…ts can be identi…ed. However, the extent of net localized economic impacts has not been widely studied.
In this paper, we investigate the localized economic e¤ects of wind power development. We use the State of Texas as the region for analysis. We are able to exploit the controlled comparison enabled by the fact that Texas has large regions with high quality wind resources and (otherwise similar) large regions with uneconomic wind regimes to identify wind power-related changes in the variables of interest. Rather than relying on an input-output modeling methodology to extrapolate gross outcomes, we consider the net localized spillover e¤ects on other industrial employment, per capita personal income, county property tax bases, and key variables related to localized public school …nance 2 using standard regression analysis. Unlike previous research in this area, we conduct an analysis that seeks to observe the nature of employment growth in terms of its industrial composition and the likely inter-industry spillovers. Although we are unable to observe directly whether or not the increases in tax capacity result in higher levels of local public goods provision, we consider the question of changes in levels of per-student public education expenditures as an indirect measure of changes in levels in local public goods. 1 This paper is the …rst to examine the net e¤ects of wind energy development on school tax rates, revenues and expenditures.
Restricting the analysis to Texas still captures a signi…cant share of the wind power industry. By limiting the analysis to a single state, we have a consistent means by which to consider changes in property tax bases, rates, and public school …nance. We seek to determine what, if any, persistent local bene…ts accrue to the residents of the counties in which the wind power generation is located.
We …nd that, at best, direct and indirect employment e¤ects are modest while increases in per capita county personal income can be important. This result implies that gains in personal income come from sources other than wage income such as net lease income for farmers and ranchers. As expected, we …nd that the value of county property tax bases increases with increases in installed wind capacity.
This appears to enable county governments to reduce tax rates while the bene…ts to school districts are mitigated due, probably, to the state and local school funding formula in Texas.
It should also be noted that, since the utility-scale wind developments are non-locally owned, the lion's share of bene…ts will accrue outside the locality while many of the costs are borne locally.
The e¤ects on (non-migratory) avian populations, noise pollution, degradation of the landscape, and 1 Beginning with Oates (1968) , public education expenditures have been widely used as a proxy for the level of provision of local public goods. More recently, Weber, Burnett, and Xiarchos (2014) …nd that the larger property tax base that resulted from shale oil development in Central Texas led to increased school expenditures. 2 To scale the size of the wind industry in the U.S., it is noted that wind generated electricity accounted for 3.5 percent of all electricity consumed nationwide in 2012. Shares of state generation depend on capacity as well as market size. Thus, while Texas generates more wind power than any other state, wind generated electricity represented only 7.4 percent of electricity delivered in the state in 2012 (9.2 percent on the Electrical Reliability Council of Texas, ERCOT, grid), ranking Texas at number 11 among all states by this measure.
reductions in agricultural and tourism activities that accompany utility-scale wind development are detrimental to the welfare of the local residents. The long-term consequences for land-use and the landscape will depend on the disposition of the turbines and their foundations when their economic life is over. We do not correct our impact analysis to take these costs into consideration.
While production technologies and supply chains are clearly quite di¤erent between the di¤erent means of generating electricity, it is not obvious how the substitution of wind-powered generation for generation by other energy sources will in ‡uence overall employment and income in the electricity generation sector. For example, employment in thermal generation of electricity includes activities in fuel extraction, processing and transportation while no fuel per se is required for wind generation.
Comparing macro-level employment and income e¤ects from the shift to renewable forms of electricity generation is complex and beyond the scope of this paper.
Of course the substitution of renewable energy sources for fossil fuels provides environmental bene…ts in terms of reduced emissions of carbon dioxide, sulfur dioxide, and mercury. These are for the most part global bene…ts. Moreover, wind power does not require water to generate electricity, a big advantage in Texas and the Southwest. No e¤ort is made to quantify the broader environmental value of substituting wind power for gas or coal-powered generation nor is any attempt made to establish the e¤ect on market prices of electricity of mandated changes in the electrical generation portfolio.
The paper is organized as follows. Section 2 provides a discussion of the economic and institutional context with a brief literature review. Section 3 describes the data and empirical models that are used to estimate the localized economic impacts. Section 4 provides a brief discussion and conclusions.
The Economic and Institutional Context
The growth of wind power in Texas, as in the United States, appears to have resulted primarily from the presence of the high quality wind resource, improvements in turbine performance, and the assured, ex ante availability of the federal Production Tax Credit (PTC) that was enacted in 2006. 3 Since installed capacity in Texas has already exceeded the requirements of the state's 2025 Renewable Portfolio Standard (RPS), the RPS does not help to explain the rapid increase in capacity. Although the Texas Legislature does not explicitly refer to the economic development impact of installing wind capacity in West Texas in the bills that enacted and expanded the state's RPS, it has nevertheless been widely recognized as a signi…cant bene…t mostly as a consequence of growth in school and property tax base. Employment considerations are important in rural counties that have been losing jobs and population for decades. 5 Activities that bring new vitality to these communities are of course particularly welcome in these rural areas. Moreover, Texas has a tradition of protection of property rights in resource exploitation without signi…cant regard to external e¤ects. For example, oil and gas development (even the more recent hydraulic fracturing methods) has gone largely unchallenged since its beginnings and protection of the "right of capture" in groundwater withdrawals has been easily maintained. In the pro-business, pro-extraction culture of Texas, wind developers have met little local resistance to siting the turbine …elds.
The State of Texas has also encouraged the development of wind power in the state by extending and deepening the transmission infrastructure and ensuring a receptive regulatory environment with a competitive electricity market. Indeed, continued growth of wind power has rather been constrained by the lack of high voltage transmission from the areas with the highest quality wind resources to the load centers in the eastern half of Texas within the grid operated by the Electrical Reliability Council 5 The State of Texas had substantial population growth over the period 1980-2000, increasing some 6.6 million persons or about 46%. However, as an indication of how unevenly this population growth was distributed, 77 Texas counties, or just under one-third, experienced population declines over these two decades. Of the 6.6 million person increase, about 6.4 million appear in counties that had populations in excess of 20,000 in 1980, with the other 200,000 persons being located across 157 counties whose 1980 populations were less than 20,000. As to employment growth, 63 of the 254 counties saw absolute declines in employment between 2000 and 2011 while the State of Texas had employment growth on the order of 16%. All but two of these 63 counties are clearly rural.
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bring a substantial amount of additional wind power onto the ERCOT grid. The CREZ transmission line build-out was not completed until December, 2013, well after the period under consideration in this study.
The electricity system in Texas is unique in the United States insofar as the main Texas interconnection, operated by ERCOT, has no synchronous ties to either the Eastern or Western Interconnections. 6 Since the ERCOT grid is wholly contained within the state, and has no AC ties to grids outside the state, ERCOT is exempt from most federal regulatory authority -primarily that vested in the Federal Electricity Regulatory Commission (FERC). But not all of Texas falls within the ERCOT domain.
Most of the Panhandle and much of the South Plains is within the Southwest Power Pool (SPP) while the corner of the state that contains El Paso is in the grid operated by the Western Electricity Coordinating Council (WECC).
Looking at a map of wind development in the state, the e¤ects of this anomaly are clear. That is, much of the wind energy development has taken place along the edges of the ERCOT boundary closest to the wind resources in the South Plains and Panhandle regions, and has been slow to develop in the regions (most notably the Panhandle) with higher quality wind resources due to the lack of market and interconnection. 7 Transmission from the Panhandle of Texas to the principal SPP load centers in Oklahoma City and Kansas City has been limited. 8 An interesting facet of this has been that none of the wind power generated in utility-scale facilities located in the non-ERCOT regions that have transmission connections to ERCOT can be delivered locally or to entities in the SPP. This is because a wind generator that delivers power into both ERCOT and another interconnection would imply a de facto ERCOT synchronous tie to a non-ERCOT grid and thus bring ERCOT under FERC authority.
To underscore the e¤ect of the ERCOT boundary and the rural nature of the location of the wind generation, seven counties along the northwestern edge of the ERCOT region, Borden, Coke, Fisher, Nolan, Runnels, Scurry, and Taylor, combined in 2012 to host 3,836 MW of wind generation capacity, 6 ERCOT has 5 DC ties of which 2 interconnect with the Eastern Interconnection through the SPP and 3 are located along the Texas-Mexican border. ERCOT also maintains a diesel generator in Austin in the event a "dark start" is ever necessary. 7 It should be borne in mind, however, that wind class estimates at the county level can be misleading given the e¤ects that highly localized topography can have on average wind speeds. For example, in the Fluvanna wind power development near Post, TX, as across the Edwards Plateau, turbine placements take advantage of wind acceleration over mesas or along ridgetops that sit along and below the Caprock escarpment. Thus, the localized wind resource is substantially better than the average wind class for the county. 8 Further to this point, most of the areas where wind power development has occurred are rural with predominantly (pre-wind power) agricultural economies. Even for counties within the ERCOT grid, local demand for electricity is typically a fraction of the locally generated wind power. Wind power development has occurred with the purpose of export of the electricity from the regional economy and has not measurably displaced regional generation capacity for local consumption. Employment e¤ects from the substitution of wind generated electricity for thermally generated electricity, if they occur, would be mostly observed in the eastern portion of the state. 9 These employment e¤ects would mostly occur in the more densely populated counties along the I-35 corridor from Dallas-Fort Worth to Houston. These highly urban counties have been excluded from the analysis and so substitution e¤ects on employment should not a¤ect the comparative results in this paper.
1 0 This article can be found at http://hprnnews.wordpress.com/2014/07/28/hockley-county-approves-agreement-withred-raider-wind-llc/. The report also states that, "There is also an estimated 418 Million Dollars in Regional Economic Impact expected with the project as part of the Texas Tech Wind Research Facility as they will expand as part of this project." It is worth noting that the Commisioners' Court approved an agreement to limit county receipts to $1500 per MW for the …rst 10 years. 7 wind power development can a¤ect its local economy. Five of the eight ways they suggest seem relevant to the Texas context. 1) Wind generation provides a direct source of employment. This employment may be associated with the construction phase of the project and, thus, be temporary; or it may be permanent jobs associated with ongoing O&M once the turbines are fully commissioned. 11 2)
Both construction and operations activities may generate demand for locally produced/distributed inputs. 3) Landowners who lease land to situate the turbines enjoy lease income. 12 It is perhaps worth noting that this land typically has alternative agricultural uses and thus the lease income needs to be DOE report that found that wind power uses between 2-5% of the total land area. 13 4) The turbines contribute to the local property tax base and yield increased tax revenues ceteris paribus to local tax jurisdictions. 5) The localized consumption spending from the increases in personal income that accrue to workers and landowners can provide a boost to local retail and service providers. . JEDI utilizes the Minnesota IMPLAN database and enables the user to conduct impact 1 1 According to a source at the Sweetwater, TX Economic Development Corporation, 2013 wage rates for wind technicians in Nolan County, TX were approximately $15 per hour with no experience, $18 per hour with some experience, and $22 and higher per hour depending on the type of turbines the technician is quali…ed to maintain. 1 2 A conversation with a Texas-based wind power developer provided an overview of a typical agreement on landowner revenue. The agreement recognizes three di¤erent periods -development, construction, and operations. In the development phase, during which the project developer undertakes both wind and environmental testing to determine project viability, there is usually an up-front payment ($/acre) at the time the lease is signed and may include an annual rental payment ($/acre). In the construction phase, the landowner is reimbursed for damages due to roads, electric lines, substations, staging areas, etc., and a royalty payment (percentage of revenue) for any electricity sold prior to full commercial operation of the project (as turbines come on line a couple at a time). During the operations phase, typically 25-30 years, there is a royalty payment (percentage of gross revenue) from any electricy sold, including revenue from RECs. There is also a minimum annual royalty payment speci…ed, usually about half of what the expected annual revenue would be, in the event the project is curtailed, electricity prices drop, or there is some type of serial defect in the turbines. 1 3 The actual density of turbines depends on the quality of the wind resource. An average density used by NREL/AWS Truewind is 5 MW/km 2 , although this number could be as high as 20 MW/km 2 . Higher density arrays would be found along ridgetops which have lower valued opportunity uses in agriculture. 8 analyses for a given scale of wind power development. 14 The limitations of input-output modeling are well known and become more problematic as the study area decreases in size and industrial diversity. State-level impact analyses re ‡ect the greater industrial diversity and potential for in-area sourcing of inputs than would be the case in a county-level analysis.
Aside from the assumptions of constant returns to scale, …xed-input proportions technologies in all industries and perfectly elastic factor responses, a signi…cant amount of project-speci…c knowledge and familiarity with the local industrial base and sourcing patterns is necessary to calibrate the models' parameters for credible results to emerge from the exercise. The "o¤-the-shelf" JEDI model is based on state-level multipliers. Use of the "o¤-the-shelf" model, i.e., no adjustments for the actual local production and sourcing of requisite specialized inputs, labor market conditions, sales margins, etc., can readily lead to over-stated impacts. The impression that emerges from looking at economic impact analyses for wind projects is that there are important localized e¤ects on employment and income. 16 For the many reasons enumerated above, however, one should view these results in the proper context. First and foremost, these projects do not attempt to measure net localized e¤ects, i.e., correct for declines in employment and income in other sectors as wind development attracts workers and (potentially) increases wages. Studies There is no doubt that utility-scale wind development represents signi…cant new …xed plant and, thus, increases in the county property tax rolls. This should translate into increased property tax revenues, at constant tax rates, in the tax jurisdictions where the wind plant is located. However, much of the literature that looks at levels of local public goods following …scal windfalls at the local or municipal level …nds that the …scal bene…ts fail to reach the local population. Caselli and Michaels (2013) report that oil revenues accruing to Brazilian municipalities appear to increase local spending levels but actual changes in real social expenditures and household income are much more modest and, in fact, may not even occur.
There is also the question of the " ‡ypaper e¤ect" if one thinks of these natural resource-based …scal windfalls as having some equivalence to a permanent increase in transfers from either the state or federal government. 21 In the absence of a ‡ypaper e¤ect, or some partial e¤ect, the new revenue streams to county governments and school districts should result in tax reductions. However, Olmsted, Denzau, and Roberts (1993) …nd that Missouri school districts tended to increase operating budgets so as to o¤set the reductions in debt payments that occurred as debt issues were retired. As a result, even though debt service declined, total revenue needs did not and tax rates were left unchanged. An informal survey in the newly developed wind resource counties of West Texas would probably lead most people to conclude that school districts have recently undertaken a large amount of construction and renovation of school and related facilities that would not have otherwise occurred (at this scale).
By the same token, it seems quite likely that investments in rural school infrastructure have been lagging behind their urban counterparts in Texas and allocating new resources in these districts is quite justi…ed.
We now turn as well to the econometric modeling of the economic impacts of wind power in Texas.
We consider, in turn, industry employment spillovers, personal income, and impacts on the total assessed value of the county and school property tax base, tax rates, and school expenditures.
Data and Estimations
The matter of direct localized employment impacts seems reasonably well established in the input- employment, …nding that the sum of the direct, indirect, and induced e¤ects is about three times the direct employment impact. 22 This in turn suggests measurable spillover e¤ects in other industries in the counties in which large scale wind plant is located.
Data
Our primary data for the number of establishments and average payrolls by industry are compiled from We only observe total installed wind capacity at the county level. School districts, however, do not correspond to county divisions. Since we are unable to observe exact locations of the turbines, we cannot apportion them across the school districts within any given county. However, all school districts are contained within a single county and all area of all the counties are within a school district.
Therefore, using property tax base values at the school district-level, we aggregate all districts in a county to report school district variables at the county-level. Thus, school tax rates are averaged to the county level by the weighted average of the individual ISD tax rates using school district shares of total county-level tax receipts as weights. This aggregation will result in an under-estimation of property tax base impacts at the level of the school districts in which the turbines are actually sited and an over-estimation for those districts without wind power that are located in a wind county. A concomitant to this issue is that the e¤ect of using the average tax rate for the districts in a county will also tend to over or under-estimate actual rates for the speci…c school districts in wind counties. School expenditures are averaged to the county level using the districts' average daily attendance as weights.
County level annual personal income, unemployment rates, and populations are compiled from the U.S. Department of Commerce Bureau of Economic Analysis and the Bureau of Labor Statistics.
We identify two non-overlapping subsets of Texas counties, i.e., wind and non-wind (control) counties. Wind counties are all counties that contain utility-scale wind development in 2011. These two subsets do not include all counties in Texas. The acuity of the analysis is enhanced if we narrow the comparison between wind and non-wind counties to those counties that had some degree of similarity 2 3 Available at xcelenergy.com/Environment/Renewable_Energy/Wind/New_Mexico_and_Texas_Wind_Power. Comparisons between wind counties and non-wind counties at the beginning of the study period are clearer when looking at Table 2 there were only 6 counties with about 900 MW in total capacity. In Panel B we show wind generation capacity by county in 2012. As can be seen, it has increased to 32 counties with total capacity in excess of 12,000 MW. In Figure 2 , we show some summary plots depicting the relationship between taxable property value, wind capacity, and property tax rates in the top two panels and school revenues, school tax rates, and wind capacity in the bottom two panels. We see that total taxable property value is increasing in wind generation capacity while property tax rates (and school tax rates) are decreasing in wind energy generation capacity. However, one should be cautious in interpreting these observations as they are summary plots. 25 
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Empirical Analysis 3.2.1 Industry E¤ects
We …rst investigate the impact of wind development on levels of establishments and employment in each county. We look at the 10-year change in both the numbers of establishments and employed persons between 2001 and 2011 in the subset of all wind and non-wind energy generation counties in Texas, as described above. We regress these changes on, inter alia, the changes in installed wind term " c;j is the error. Table 3 contains the OLS estimation results from three speci…cations for both of the outcome variables. As can be seen, the estimated coe¢cient for the change in total county wind capacity is positive but statistically insigni…cant for both establishments and employment in all speci…cations. While a …nding of no statistical evidence of an employment impact is contrary to our initial expectations, given the results from the other studies surveyed, it should perhaps not be too surprising in Texas. For Table 4 contains regression results for di¤erences in the number of establishments across the 20 industries at the NAICS-2 between the beginning and end of the study period. In terms of numbers of establishments, mining and, of course, utilities appear to be positively a¤ected by the wind development 22 Table 5 considers the decade change in growth of total employment by industry, a more interesting comparison than establishments. Only employment in retail and waste management appears to have been positively a¤ected by wind development. Although statistical signi…cance is low, these estimates suggest a total indirect/induced e¤ect in these two industries of about 40 jobs per 100 MW. Increases in local retail activity would be expected through higher levels of spending associated with higher levels of personal income from wind power production, a so-called induced e¤ect. Waste management employment would be a¤ected by the need for services in the recycling and disposal of turbine lubricating oil, hydraulic and cleaning ‡uids. Although the number of agricultural establishments declines with wind power development, there is no evidence of such a change in employment in agricultural industry activities. It is worth noting at this point that employment in education shows no e¤ect, suggesting that any localized property and school tax bene…ts from the increase in …xed wind plant did not result in measurable increases in school employment. Nor is there any statistically signi…cant change in employment in the utilities sector.
While this latter result is surprising, a look at unconditional comparisons helps to provide credibility.
There were positive changes of about 14.0 jobs in utilities employment in the control counties, and 15.8 in the wind counties. Based on this unconditional, and relatively simple, comparison, the di¤erence of fewer than two jobs (less than 2 percent of total industry employment) between the changes in average utilities employment between the control and the wind counties is not great enough to infer a clear statistical di¤erence.
One caveat may be in order. Since the QCEW employment data are establishment-based, if on-site turbine O&M personnel are employed and reported by an establishment, either the plant operator or a relevant sub-contractor, that is located in another county (or state), then those jobs will not appear in our employment data for the given wind county. Remote monitoring and operation of turbines can take place from anywhere on the globe. If, for example, oil temperatures increased slightly, the turbine can be remotely shut down and a technician dispatched from a regional o¢ce to look into the situation. Moreover, this technician may be employed by a sub-contractor in an establishment which does not report under NAICS 22. Indeed, when looking at fully disclosed establishment-based QCEW data for Texas up to 2006, we cannot locate the great majority of wind plants in the counties where those wind plants are known to be sited. However, we do …nd establishment-based employment for wind generation …rms (searching at the NAICS-6 level) in Austin and Houston, areas with no installed utility-scale wind plant. This suggests that direct employment e¤ects may rather be found in establishments that report employment in regional population hubs or remote cities where wind plant operators base their administrative operations.
While we …nd positive e¤ects from wind development on employment levels at the industry level, these e¤ects have to be interpreted in the context of the result that there was no signi…cant windrelated change in total county employment levels. These conclusions are not inconsistent if there have been small, o¤setting changes in other industrial employment that were below the level of statistical detection. Thus, we believe that employment gains related to wind development have tended to crowd out employment in other activities, indicating that labor has been inelastically supplied in these rural counties.
County Personal Income
We next turn our attention to the relationship between income and wind energy development. However, we must …rst investigate the question of endogeneity between wind development and county income.
It may be that an endogenous relationship exists because, for example, higher income in a county re ‡ects a higher level of …nancial or business acumen. Such a county may be better positioned to establish relationships with wind energy developers and increase the likelihood that wind development will occur. On the other hand, given the environmental issues surrounding the siting of wind plant, lower income counties may be more receptive or more likely to seek out wind development. If the initial income level is signi…cant in explaining growth in income up to 2011, i.e., regression toward the mean suggests that counties with lower initial income would grow faster than counties with higher initial income, then income changes could be erroneously attributed to wind development if a signi…cant correlation between wind development and initial income exists. We empirically examine this question 
Our results in Table 6 indicate that initial per capita income is not an explanatory factor in the choice of a speci…c county for wind farm location. Not surprisingly, the coe¢cient of the "wind resources" dummy appears to provide all the explanatory power. The presence of the wind resource is exogenous to county location and unchanged over the period of this analysis.
Given this result, OLS will provide an unbiased means to estimate the e¤ect of installed wind generation capacity on county-level per capita income. To examine this e¤ect, we estimate county-level per capita income as function of installed wind capacity controlling for observable and unobservable county and time e¤ects. Note that the empirical approach will capture net changes to county per capita income due to wind development, i.e., wind power-related changes net of displaced agricultural and other industrial activity-related changes.
Consider the following empirical model: Table 7 .
Considering the e¤ects of changes in installed wind capacity on per capita county income, the value of the estimated coe¢cient, while large, is quite reasonable within the estimation context. Using the average population for wind counties of 37,243 persons, a 100 MW increase in wind capacity would imply an increase in county per capita income of about $7.13 in base year dollars or .03 per cent.
That then implies an increase in average county total income of $2,657 per installed MW. 
Property Taxes and School Expenditures
We conclude our analysis by examining the impact of wind energy generation capacity on county and school property taxes, i.e., total assessed value of property or property tax base, county general fund property tax rates and school tax rates, and school expenditures. Our intention is to estimate total assessed value as a function of installed wind capacity and property tax rates as functions of county total assessed value.
Texas has no speci…c mandated tax treatment for wind power producers. In each county, a central appraisal district is responsible for assessing the taxable value of all real property (including minerals in place). The State of Texas allows special tax treatment to be o¤ered at the local level. However, Counties and school boards should set tax rates with an eye to their budgetary requirements, given the assessed value of the relevant non-exempt property tax base determined by the appraisal district.
County and school revenue realizations are then the product of tax rates and total non-exempt assessed value. School district revenues can also include payments from, say, the wind farm operators, as noted above. While such payments would not in ‡uence total school tax revenues, they would a¤ect total district revenue and, indirectly, tax rates.
However, the system of school …nance in Texas has o¤setting elements between state and local funding sources that have important implications for local taxing incentives. At the local level, virtually all revenues are generated by means of property taxation. The local share of the basic school funding is the base pre-determined school tax rate multiplied by the district's total property tax base.
If those revenues are insu¢cient to meet the basic district funding level (as determined by the State), the State covers the di¤erence. Thus, increases/decreases in the district's property tax base that generate higher/lower local school tax revenues are o¤set by reductions/increases in the State's share of basic funding. However, local districts have the option of increasing the local tax rate by up to 17 cents/$100 valuation over their base rate for funding for educational "enhancement" above the basic level.
There is also a statutory provision intended to ensure "equalized wealth levels" across school districts. Districts are deemed to be property-wealthy districts if their property tax base per student exceeds a given threshold. Property-wealthy districts' local tax revenues are then subject to recapture by the State in the amount generated by the district's pre-determined tax rate applied to the excessive property tax base for that year. 29 We consider the following empirical models:
ln(tax rate i=p;s c;t
ln(r school ) c;t = c + t + # ln(b v c;t 1 ) + ln(w + 1) c;t + % ln(a) c;t + e c;t
where
There is an empirical problem in the question relating to the e¤ects of wind capacity on tax rates.
Assessed values of real property are to re ‡ect market values and market values depend, at least partially, on tax rates. Thus, tax rates and property tax assessed values will be endogenously determined and the modeling methodology must allow for in ‡uences on these intertwined variables to be separately identi…ed. In this circumstance, without identi…cation, OLS will produce a lower bound of the parameter estimates.
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To avoid this endogeneity problem and to identify the separate e¤ects of growth in wind capacity on county and school tax bases and rates, we conduct the empirical analysis in three steps. In Step 1, we estimate a model of the assessed value of the county and school property tax bases as a function of wind capacity and county characteristics (equation 5). Then, in Step 2, we strip out the wind capacity e¤ects by computing values for county property tax bases as the predicted value from the estimated Step 1 model with the wind capacity variable omitted. We consider this to be the estimated value of the assessed tax base that would have been observed in the absence of wind development, a sort of counter-factual value (b v c;t 1 ). Finally, in Step 3, we estimate county and school tax rates and school revenues in equations 6 and 7 using wind capacity on the right-hand side and the stripped-out or counter-factual taxable values. In the school revenue calculation (equation 7), we have included average daily public school attendance (a) as a control group for county size as well.
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As would be expected, the results displayed in columns 1, 2, 3 and 5 (taxable school property tax base) in Table 8 indicate that wind capacity, in all speci…cations, has a signi…cant and positive e¤ect on the total value of the tax base. Results from column 3, from the speci…cation that includes county …xed e¤ects, suggest an elasticity of the value of the county property tax base with respect to wind capacity on the order of .044. The elasticity estimate for the county school districts in column 5, which is based on the change in school property tax bases between 2005 and 2011, is somewhat lower at .036.
This may re ‡ect the incentives school districts have to provide ten-year property tax exemptions to wind projects in exchange for annual non-tax payments.
By the same token, the results of this exercise suggest that the presence of wind development has a negative e¤ect on property tax rates for the wind counties' county governments but no e¤ect on the school districts' tax rates. In the case of the wind county governments, the magnitude of the e¤ect of wind power on the value of the county property tax base is greater than the magnitude of its e¤ect on county property tax rates, suggesting a net gain in county revenues. In the case of school district taxes, absence of a change in tax rates implies that local school tax revenues at the county level increase hand-in-hand with increases in the county property tax base. There is also a weakly signi…cant increase observed in per student revenues from local taxes, most likely as a consequence of the increase in the value of the taxable base.
In terms of per student expenditures, we observe a statistically signi…cant elasticity of expenditures from local revenues with respect to installed wind capacity of .028. However, given the structure of trade-o¤ in the school …nance method, the elasticity of locally-funded per student expenditures with respect to state funding, per student, is a highly signi…cant -.158. It is usseful to recall here that the method of aggregating school districts yields results that correspond to the lower bound in magnitudes of e¤ects at the sub-county district levels.
Overall, these results support the view that wind development makes a positive contribution to O&M school …nance, although not necessarily at the local level in Texas. The nature of the Texas system of school …nance alters the distribution of these bene…ts. Wind energy appears clearly to increase local property tax bases that, in turn, increase local resources for school funding. However, in
Texas, these local gains are o¤set by the attendant reduction in state support for local school districts.
While districts still enjoy a net increase in potential enhancement funding from the application of the allowable 17 cents in additional property tax rate to the wind-related increases in their property tax base, we …nd no evidence that those changes in the tax base have inspired either increases or decreases in tax rates or even in ‡uenced per student expenditures. 32 School districts already subject to recapture, or newly subjected to recapture due to the increase in the property tax base, derive no school tax revenue bene…t from the increases in the property tax base above the threshold level.
Increases in recaptured local tax revenues are, regardless, recycled to support education across the state. In such cases, increases in local school taxing capacities disproportionately bene…t state-level school …nance.
We graph the results from this counter-factual exercise in Fig 3. As can be seen in Panel A, the counterfactual property tax line is shifted to the left of the actual line, or the level of counterfactual property tax base is lower over most of the density range. The inverse is true for county property tax rates, or the counterfactual line is shifted to the right of the actual line corresponding to actual county property tax rates. 3 2 It is worth noting that there is no recapture on the …rst 6 cents of these enhancement funds.
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Conclusions
We summarize our …ndings as follow. First, we …nd that wind power development does not have a statistically signi…cant e¤ect on net overall employment at the county level, although there are e¤ects at the industry level. Second, localized personal income gains can be substantial for landowners.
Third, increases in the property tax base provide localized bene…ts in the form of reductions in county general tax rates, while counties enjoy additional tax revenues, and school …nance, particularly at the state-level, gains.
There is without question direct local employment associated with wind plant. However, as discussed above, either these e¤ects are too small, in relative terms, to allow for statistical signi…cance, or localized direct employment is not attributed to the locality as a consequence of the method of collection of employment data in the QCEW. Given non-local ownership of the wind farms, it is quite possible that on-site employment is associated with non-local establishments or sub-contracted to local establishments that are not identi…ed as utility industry …rms.
Recognizing that any gains in employment are bene…cial, if direct …eld-site employment is indeed on the order of .05-.1 jobs per MW, as indicated by Texas wind plant operators, proportional gains from direct employment in future large-scale wind development are not likely to move the needle much, even in relatively rural counties. There is a weakly signi…cant e¤ect on localized industry employment -apparently working through spillover e¤ects-in only two industries, retail and waste management.
This rather narrow spillover is not a surprising result given the lack of industrial diversity in rural Texas counties that blunts potential cross-industry linkages. Based on the industry-level analysis, our results suggest a localized increase of 40 jobs per 100 MW of installed wind capacity, a result that is in line with Brown et al. (2012) . However, since we do not …nd statistical evidence of gains in total county employment, we conclude that employment gains from wind development have drawn from an inelastic labor supply.
We identify a substantial impact from wind development on county per capita personal income which, if largely not from wage income, is most likely the e¤ect of lease and royalty revenues. This conclusion is a¢rmed by the …nding that installed wind capacity does not appear to a¤ect median county incomes. Further to this point, since annual household income from industrial employment, particularly in retail activities, would likely be in the lower half of the household income ordering, this 37 result is further evidence that any net gains in employment across the industrial landscape have been modest. Our …nding that installed wind plant increases per capita county income by an average of $2,657 per MW, while appearing quite attractive to us, is low compared to previous estimates. There are a number of possible reasons for this …nding -some of which have already been discussed-that may perhaps be speci…c to the Texas context or the period under study in this analysis. In particular, local wind power related incomes could have been a¤ected because wind generated electricity in West
Texas was subject to relatively high rates of curtailment in the pre-CREZ environment; a relatively large proportion of landowners in windy areas of Texas are absentee owners; there is a more elastic supply of windy land in development-friendly Texas and, thus, less bargaining power by landowners in lease and royalty negotiation; capacity factors have been systematically over-estimated; and a more competitive environment for wind power sales in ERCOT (lesser reliance on long-term contracts with o¤-takers) has resulted in lower prices for wind generated electricity.
Lastly, we observe a signi…cant positive impact, as expected, from increases in wind capacity on the value of county property tax bases. At least for county governments, the increases in tax capacity appear to have resulted in decreases in county property tax rates while increasing total county property tax revenues. All county property tax payers can perceive a bene…t from the reduction in property tax rates while all county residents enjoy any expansion or improvement in county services that might result from the increased general fund tax revenues.
The issue is rather more complicated in the case of school tax revenues and expenditures. While no e¤ect of wind development on school tax rates (averaged at the county level) is found, the increases in the value of the property tax bases translate into higher local school tax revenues. While this should be a localized bene…t, the system of school …nance in Texas tends to transfer these bene…ts to the state-level budget for public education. Nevertheless, more generally, it appears that important localized school tax bene…ts would otherwise be available from wind power development. Insofar as the level of local school funding availability does not a¤ect the State's estimate of basic district-level funding (at least in the short to mid-term), the institutional features of the Texas system of school …nance appear to redirect the wind-related tax bene…ts from the local tax jurisdictions to the statelevel taxpayer base. The e¤ect of this system of school …nance has been, as intended, to equalize real per student base-level expenditures across all districts. This has meant, in the context of wind power development, that real per student expenditure levels in the wind counties have remained on a par with the other counties in Texas, even after allowance for non-property tax payments from exempted wind projects to school districts.
This analysis …nds that localized bene…ts are mostly concentrated in the form of lease and royalty income to landowners. On the other hand, localized environmental impacts, such as degradation of the landscape and e¤ects on wildlife, will be borne more generally by the county residents. It is di¢cult to see how further development of wind energy will e¤ectively alter the secular trends of population and employment loss in rural areas. More research needs to be undertaken to quantify the costs of the gamut of localized long-term e¤ects from wind power development before the long-term localized bene…t-cost ledger is complete.
